Risk of post-contrast acute kidney injury in emergency department patients with sepsis Background
Sepsis is a life-threatening condition that contributes to nearly 850 000 emergency department (ED) visits annually in the US. 1 According to the practice guidelines published by the Surviving Sepsis New knowledge added by this study • The risks of nephrotoxicity and other adverse outcomes (ie, emergent dialysis, short-term mortality, and increased length of stay) were not increased after intravenous contrast administration during computed tomography scanning of patients with sepsis.
• Renal function improved within 48-72 hours after computed tomography scans, relative to initial measurements in all patients, suggesting that sepsis (not the administration of contrast media) was the primary determinant of clinical outcomes.
Implications for clinical practice or policy
• The lack of a significant correlation between the administration of contrast agents and the risk of acute kidney injury in patients with sepsis conflicts with the tendency to withhold contrast-enhanced computed tomography for the diagnostic assessment and management of sepsis in the emergency setting.
• After weighing the benefits and risks of contrast administration, clinicians could utilise contrast-enhanced computed tomography scanning in a reasonable manner in critically ill patients with sepsis, in order to identify occult infection foci earlier and facilitate prompt medical management. identifying the focus of infection and guiding the implementation of an appropriate antimicrobial strategy in emergency medical care settings. 3 The utilisation of CT scans in the ED has increased considerably, such that more than 70 million CT scans are performed in the US annually. 4 Approximately one in seven patients undergoes a CT scan during evaluation in the ED. 5 Although the use of iodinated contrast media is an important method for improving the diagnostic accuracy of CT examination, 6 there are concerns regarding the potential for precipitating renal dysfunction, especially in patients who already have impaired renal function. 7, 8 The third leading cause of acute kidney injury (AKI) in hospitalised patients is reported to be contrast-associated (CA)-AKI 9 ; CA-AKI is associated with increased risks of major adverse events, including myocardial infarction, renal failure, and mortality. 7, 10 Nevertheless, it remains controversial whether an association exists between intravenous administration of contrast media during CT scans and the development of CA-AKI. [11] [12] [13] This controversy exists largely because the introduction of refined iso-or low-osmolar contrast agents has reduced the risk of AKI 14 and because the majority of previous studies on CA-AKI were performed in patients who underwent coronary angiography, [15] [16] [17] which utilises different dosages and routes of contrast administration relative to those of conventional contrast-enhanced CT scans. 18 Previous studies on CA-AKI in an emergency setting have been inconclusive. 6, 7, [19] [20] [21] [22] [23] [24] Although those studies investigated the benefits and risks of contrast administration in many clinical settings, including acute stroke, pulmonary embolism, and trauma, very few of them evaluated the impact of contrast administration on patients with sepsis. Notably, sepsis remains a leading cause of mortality in critically ill patients 2 and CT imaging studies play important roles in both identifying the source of infection and facilitating infection control in patients with sepsis. Therefore, the aim of the current study was to investigate whether intravenous contrast administration in patients with sepsis is associated with an increased risk of AKI and increased incidences of other adverse clinical outcomes.
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Methods
Study design
This retrospective cohort study was conducted at a tertiary referral medical centre with approximately 50 000 ED visits per year. The study population included all adult (age ≥18 years) patients who visited the ED and underwent CT scans (including brain, chest, abdomen or extremities) and serial serum creatinine measurements during their initial ED visits and any follow-ups within 48 to 72 hours from 1 January 2012 to 31 December 2016. Patients with sepsis were identified by principal diagnosis and serum lactate measurement, in accordance with Sepsis-3 guidelines. 25 Patients who received haemodialysis, underwent contrast-enhanced CT scan within 3 months, or experienced a cardiac arrest event before ED arrival were excluded from the analysis. This study protocol followed the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines. 
Data collection
Outcome measures
We divided the eligible patients for this study into two groups: contrast-enhanced CT and nonenhanced CT; primary and secondary outcomes were recorded and compared between groups. The primary outcome was the incidence of AKI, which was defined as an absolute increase of 0.5 mg/dL or >50% increase in baseline serum creatinine concentration within 48 to 72 hours after CT scan. 28 The secondary outcomes included the incidences of emergent dialysis (defined as initiation of dialysis during the hospital stay) and short-term mortality (defined as death within 30 days after CT scan), as well as the difference in length of hospital stay for survivors.
Sample size estimation
The estimation of sample size was performed with PASS 11 software in accordance with the results of previous studies regarding AKI incidence in patients with sepsis 29 and odds ratio (OR) of CA-AKI. 30 With a 30% incidence of AKI in patients with sepsis and an OR of 2.7 for CA-AKI, we determined that 109 patients were needed to detect a significant association with probability (power) of 0.8 and Type 1 error of 0.05.
Statistical analysis
Data are presented as means±standard deviations or medians with 25th to 75th percentiles (ie, interquartile range) for continuous variables, and as numbers (%) for categorical variables. Two-sample t tests and Chi squared tests were used to compare continuous and categorical variables, respectively. A two-tailed P value of <0.05 was considered statistically significant. Propensity score matching was performed to reduce potential selection bias and other confounding factors. We calculated the propensity score for each patient by modelling the probability of receiving contrast medium. Variables in the model were composed of factors that influence outcomes related to renal function or influence the selection of contrast medium. We used total 21 variables including age, sex, co-morbidities (ie, diabetes mellitus, hypertension, liver cirrhosis, coronary artery disease, left heart failure, chronic kidney disease, anaemia, chronic obstructive pulmonary disease, dyslipidaemia, and malignancy), nephrotoxic medications (ie, statins, non-steroidal anti-inflammatory drugs, angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers, nephrotoxic antibiotics such as aminoglycosides and vancomycin), laboratory data (ie, initial serum creatinine, eGFR, and serum lactate), measures of illness severity (ie, initial presence of septic shock and need for intensive care unit [ICU] admission) to calculate the propensity scores for all patients.
A multivariable logistic regression analysis model using nearest-neighbour matching, calliper 0.1, was generated to predict the probability of receiving contrast medium. We used the resulting propensity scores to match the contrast-enhanced CT group members with non-enhanced CT group members at a ratio of 1:1. Patients without a corresponding match were excluded. All statistical analyses were performed using SPSS (Windows version 22.0; IBM Corp, Armonk [NY], US).
Results
Study population and contrast agents
During the study period, 200 427 adult patients visited the ED; of these, 712 met the criteria for inclusion in this study. After further exclusion of patients with elevated serum lactate levels from shock with non-septic aetiology, the remaining 587 patients (enhanced CT group: 105; nonenhanced CT group: 482) were analysed (Fig) . In the contrast-enhanced CT group, 23 patients received intravenous iopromide (Ultravist 370; Bayer Parma AG, Berlin, Germany) and 82 patients received intravenous iohexol (Omnipaque; Bayer Parma AG, Berlin, Germany). Only one patient received a contrast volume >100 mL (120 mL).
FIG. Flowchart of patient enrolment
Abbreviations: CT = computed tomography; ED = emergency department Prior to propensity score matching, patients in the contrast-enhanced CT group were significantly younger; moreover, they had lower prevalences of hypertension, chronic kidney disease, and chronic obstructive pulmonary disease, compared to patients in the non-enhanced CT group. Patients in the enhanced CT group also had significantly lower initial and follow-up serum creatinine levels, and had higher initial serum lactate levels than those in the non-enhanced CT group. There were no significant differences in the incidences of shock and ICU admission between the two groups (Table 1) .
By using propensity score with 1:1 matching, 101 patients with sepsis in the contrast-enhanced CT group were successfully paired with an equal number of patients in the non-enhanced CT group. After matching, there were no statistically significant differences between the two groups in any covariates (Table 2) .
Treatment outcomes
Before propensity score matching, the risks of AKI, emergent dialysis, and short-term mortality were not significantly greater in the contrast-enhanced CT group than in the non-enhanced CT group. Five of 44 patients with sepsis in the non-enhanced CT group who received emergency haemodialysis subsequently required chronic dialysis; however, no patients required chronic dialysis in the contrastenhanced CT group. Furthermore, there was no Abbreviations: ACEIs = angiotensin-converting enzyme inhibitors; ARBs = angiotensin II receptor blockers; CT = computed tomography; eGFR = estimated glomerular filtration rate; ICU = intensive care unit; NSAIDs = non-steroidal anti-inflammatory drugs; SCr = serum creatinine * Data are shown as mean ± standard deviation, No. (%) or median (interquartile range), unless otherwise specified † Chi squared test was used for categorical variable comparison; two-sample t tests were used for continuous variable comparison; P<0.05 was considered to indicate statistical significance ‡ Based on International Classification of Diseases, Ninth Edition, Clinical Modification diagnostic codes and admission diagnosis from previous hospitalisation or index emergency department visit § Based on the National Kidney Foundation Kidney Disease Outcomes Quality Initiative guideline (baseline eGFR <60 mL/min/ 1.73 m 2 ) ‖ According to World Health Organization definition: baseline haematocrit <39% in men, <36% in women ** Requirement of vasopressors during emergency department stay significant difference in the length of hospital stay between the two groups ( Table 3 ). The same results were observed after propensity score matching: there were no notable differences in the risks of AKI, emergent dialysis, or short-term mortality; the median length of hospital stay was also similar between the matched contrast-enhanced and nonenhanced CT groups (Table 4) .
Discussion
In this ED-based single-centre retrospective study, we performed a subgroup analysis to investigate the possible adverse clinical impacts of contrast agent administration in patients with sepsis. By using propensity score matching, we demonstrated that intravenous administration of contrast media in patients with sepsis was not associated with increased risks of AKI or other adverse outcomes, following contrast-enhanced CT scans to identify foci of infection. During revision of this manuscript, Hinson et al 31 reported a retrospective cohort study; they concluded that contrast medium administration was not associated with increased incidence of AKI in patients with sepsis, consistent with our findings. Compared with the study by Hinson et al, the patients in our study had more severe sepsis (ie, higher incidences of shock and ICU admission); moreover, our findings revealed that administration of reasonable volumes of contrast medium did not increase the risks of emergency dialysis or short-term mortality. Thus, clinicians can use contrast-enhanced CT scans in a reasonable manner in septic patients, in order to identify occult infection foci earlier and facilitate prompt medical management.
Our patients had surprisingly high prevalences of hypertension, diabetes mellitus, and chronic kidney disease, which could have been related to their older age, as reported in a prior study. 32 Before propensity score matching, patients in the contrast-enhanced CT group were significantly younger and had fewer co-morbidities, including hypertension, chronic kidney disease, and chronic obstructive pulmonary disease. Moreover, patients in the contrast-enhanced CT group had lower Abbreviations: CI = confidence interval; CT = computed tomography; IQR = interquartile range * Odds of enhanced CT group vs unenhanced CT group † Acute kidney injury: defined as baseline creatinine >0.5 mg/dL or 50% increase within 48-72 hours after CT scan ‡ Emergent dialysis: initiation of dialysis during hospital stay § Short-term mortality: death within 30 days after CT scan ‖ Length of stay: including intensive care unit and ward stays, excluding patients with mortality
Abbreviations: CI = confidence interval; CT = computed tomography; IQR = interquartile range * Odds of enhanced CT group vs unenhanced CT group † Acute kidney injury: defined as baseline creatinine >0.5 mg/dL or 50% increase within 48-72 hours after CT scan ‡ Emergent dialysis: initiation of dialysis during hospital stay § Short-term mortality: death within 30 days after CT scan ‖ Length of stay: including intensive care unit and ward stays, excluding patients with mortality initial serum creatinine levels and higher eGFRs, as observed in other studies. 6, 32 This could be related to the common clinical practice of using contrastenhanced CT for younger patients with few comorbidities and relatively good renal function, based on considerations of the potential nephrotoxicities of the contrast agents 7 ; a few patients with poor renal function (24 of 482 patients with sepsis in the non-enhanced CT group) may also have avoided contrast agents following an explanation of the potential for nephrotoxicity. Clinicians may have hesitated to administer contrast media to patients with respiratory disease because of the risk of immediate hypersensitivity reaction; however, asthma and chronic obstructive pulmonary disease have not been established as consistent risk factors for contrast media-related adverse drug reactions. 33 The lack of significant differences in risks of AKI, emergent dialysis, and short-term mortality between the non-enhanced and enhanced CT groups before propensity score matching in our study may have been influenced by the above-mentioned tendency for clinicians to perform contrast-enhanced CT in presumably healthier patients. However, it is difficult to evaluate the causal relationship between administration of contrast agents and risk of AKI in patients with sepsis by comparing two patient groups with many different demographic and characteristics; therefore, we used propensity score matching to minimise the impacts of potential confounders.
Although the mean initial serum lactate level in the contrast-enhanced CT group was slightly but significantly higher than that in the non-enhanced CT group, this difference was not correlated with the incidences of acute illness (eg, shock), ICU admission, and short-term mortality between the two groups. In addition, the levels of renal function, reflected by serum creatinine levels and eGFRs within 48 to 72 hours after CT scans, improved relative to initial measurements in both groups. These seemingly paradoxical findings suggested that sepsis, rather than the administration of contrast media, was the determinant of clinical outcomes in the present study.
Previous studies in emergency medical settings have shown wide variation in the incidence of postcontrast AKI (3.2%-12%); this may be partially explained by the variety of diseases encountered in the ED, as well as differences in the definitions of AKI adopted in each study. 6, 7, [19] [20] [21] [22] [23] [24] 31 Nearly half of the patients (49%) in the present study experienced septic shock; thus, the increased incidence of postcontrast AKI in our patients (12.4%), compared with that observed in prior studies, may be attributed to the impaired physical status of our patients. This may also explain the considerably higher rates of emergent dialysis and short-term mortality, as well as the increased median length of hospital stay for survivors among our patients, compared to those parameters measured in other studies that did not focus on patients with sepsis. 21, 34 Thus far, the pathophysiology of CA-AKI remains poorly characterised. Based on the results of some animal studies, proposed mechanisms include acute tubular necrosis caused by medullary hypoxia from vasoconstriction, as well as direct cytotoxic effects of the contrast agent on renal tubular cells. 35, 36 Compared with AKI caused by other aetiologies, CA-AKI involves relatively rapid recovery of renal function; this is potentially because of the reduced extent of tubular necrosis, which leads to minor and transient functional impairment of tubular epithelial cells. 37 Nevertheless, sepsis is the leading cause of AKI in critically ill patients and is associated with a higher mortality rate among patients in the ICU, compared with patients who have AKI caused by other aetiologies. 38 Therefore, hesitation to perform contrast-enhanced CT scans for patients with sepsis, in order to identify occult infection foci, could result in delayed diagnoses of life-threatening conditions that carry considerable risks of morbidity and mortality, even in patients with serum creatinine up to 4.0 mg/dL. 6 A number of studies performed in the past several years have been designed to maintain a balance between the benefits and adverse effects of contrastenhanced CT scans in many clinical settings. 6, 7, 12, [20] [21] [22] The vast majority of those studies showed no significant association between the use of contrast agents and an increased risk of AKI. Consistent with the prior findings, contrast-enhanced CT scans of our patients with sepsis were not associated with increased risks of AKI and other adverse clinical outcomes. Among all aetiologies of AKI in patients requiring emergent medical attention, such as sepsis, dehydration, and nephrotoxic medication use, 18 the contribution of CA-AKI is regarded as considerably less important 37 ; notably, our findings support this view. Furthermore, it has been consistently shown that the performance of a contrast-enhanced CT scan is justified in patients for whom the examination is indicated, provided that other risk factors of AKI are well controlled. 39 There are several limitations in our study, largely in relation to its single-centre and retrospective design. First, the non-enhanced CT group consisted of older patients with a higher prevalence of hypertension and worse renal function; this suggested a selection bias. Although we routinely checked serum lactate for patients with suspected sepsis in the ED, there were a few patients diagnosed with sepsis who did not have lactate measurement data; this may also have resulted in selection bias. Second, although propensity score matching was used to minimise the impacts of potential confounders, unmeasured confounding variables remained, leading to potentially biased results. Therefore, further large-scale cohort or well-controlled prospective randomised studies are warranted. Finally, the definition of AKI used in this study (elevation of serum creatinine concentration by 0.5 mg/dL or by 50% increase relative to baseline within 48 to 72 hours after contrast administration) may not accurately reflect the clinical condition because the relationship between increases in serum creatinine level and deterioration of renal function is reportedly non-linear. 40 
Conclusion
Our study demonstrated that the intravenous administration of contrast media during CT scans was not associated with increased risks of AKI, emergent dialysis, or short-term mortality for patients with sepsis in the ED; moreover, the use of contrast-enhanced CT was not associated with prolonged length of hospital stay in these patients. The lack of a significant correlation between the administration of contrast agents and the risk of AKI in patients with sepsis conflicts with the tendency to withhold contrast-enhanced CT for the diagnostic assessment and management of sepsis in the emergency setting. Further studies are necessary to confirm these findings and provide further guidance for clinical practice.
